Abstract Asian ethnic subgroups are often treated as a single demographic group in studies looking at cancer screening and health disparities. To evaluate knowledge and health beliefs associated with colorectal cancer (CRC) and CRC screening among Chinese, Korean, and Vietnamese subgroups, a survey assessed participants' demographic characteristics, healthcare utilization, knowledge, beliefs, attitudes associated with CRC and CRC screening. Exploratory factor analysis identified six factors accounting [60 % of the total variance in beliefs and attitudes. Cronbach's alpha coefficients assessed internal consistency. Differences among Asian subgroups were assessed using a Chi square, Fisher's exact, or Kruskal-Wallis test. Pearson's correlation coefficient assessed an association among factors. 654 participants enrolled: 238 Chinese, 217 Korean, and 199 Vietnamese. Statistically significant differences existed in demographic and health care provider characteristics, knowledge, and attitude/belief variables regarding CRC. These included knowledge of CRC screening modalities, reluctance to discuss cancer, belief that cancer is preventable by diet and lifestyle, and intention to undergo CRC screening. Chinese subjects were more likely to use Eastern medicine (52 % Chinese, 25 % Korean, 27 % Vietnamese; p \ 0.001); Korean subjects were less likely to see herbs as a form of cancer prevention (34 % Chinese, 20 % Korean, 35 % Vietnamese; p \ 0.001). Vietnamese subjects were less likely to consider CRC screening (95 % Chinese, 95 % Korean, 80 % Vietnamese; p \ 0.0001). Important differences exist in knowledge, attitudes, and health beliefs among Asian subgroups. Understanding these differences will enable clinicians to deliver tailored, effective health messages to improve CRC screening and other health behaviors.
Introduction
Colorectal cancer (CRC) is the third most common cause of cancer death in the United States [1] . CRC screening in average-risk asymptomatic populations has been shown to reduce both incidence and mortality [2] [3] [4] [5] . Evidence-based guidelines, like those from the United States Preventive Services Task Force [6] , recommend CRC screening for all average-risk individuals beginning at age 50. Recommended CRC screening modalities include an annual fecal occult blood test (FOBT) [6] , flexible sigmoidoscopy every five years [6] , or colonoscopy every 10 years [6] . Despite these guidelines, multiple studies find that CRC screening rates in the United States remain low [7] [8] [9] [10] [11] . A 2005 National Health Interview survey revealed that only half of eligible Americans received appropriate CRC screening [7] .
Asian-Americans comprise a large, diverse racial minority in the United States. Many studies place AsianAmericans into a single demographic group; however, each Asian subgroup is unique and differ not only in language, culture, and health beliefs, but also in patterns of cancer incidence and mortality. In 2008, an estimated 15.5 million Asian-Americans represented 5 % of the total population, and this is projected to increase by 162 % to 40.6 million in 2050 compared to a 44 % increase in the entire U.S. population over the same period [12] . Although prevalence of CRC among Asian-Americans is similar to that of non-Asians [13] , Asians have a 10-30 % higher risk of being found with late stage CRC at time of diagnosis [14] . CRC screening and survival rates remain lower among Asian Americans compared to Caucasians [7, [15] [16] [17] . Reasons for this disparity are unclear and may include lack of knowledge, language barriers, limited access to healthcare, and cultural beliefs that do not promote screening [18] [19] [20] [21] .
Though differences in CRC screening rates exist among Asian ethnic subgroups, varying levels of English proficiency and access to medical care are not the only explanations [22] . Diverse cultural backgrounds may influence beliefs about CRC screening. However, few studies have examined more nuanced differences related to health behaviors and cancer screening among various Asian ethnicities that extend beyond language barriers and access to care. A broad approach to Asian-Americans without consideration of subgroups may lead to interventions insensitive to cultural differences which may thus be ineffective [23] . This study aimed to assess differences in knowledge, attitudes, and beliefs about CRC screening among Chinese, Korean, and Vietnamese subgroups in the Portland, Oregon metropolitan area.
Methods
Investigators at Oregon Health & Science University (OHSU) partnered with a community-based organization, the Asian Health and Service Center (AHSC), to conduct this study. The AHSC, a nonprofit organization that provides services and information to more than 13,000 Asian clients each year in the Portland metropolitan area, aims to reduce health disparities and increase access to care for all Asians. This is part of a larger study designed to develop and test culturally tailored educational interventions designed to improve CRC screening. OHSU's Institutional Review Board (IRB # 3819) approved all study activities.
Study Population
Eligible subjects included men and women, aged 50-75 years and of Chinese, Vietnamese, or Korean ethnicity. All enrolled subjects provided informed consent, had no history of colon cancer, no history of receiving CRC screening, and no significant medical illnesses that would preclude CRC screening. Subjects who had a first degree relative with colon cancer were excluded and counseled to speak with a health care provider about appropriate screening. Participants were not required to speak or read English.
Survey Design, Implementation
Co-authors PAC and FL designed and developed the survey instrument which queried demographic characteristics, healthcare utilization, beliefs and attitudes about cancer and cancer screening, and past experience with cancer (see ''Appendix''). Demographic characteristics included: age, gender, marital and educational statuses, race/ethnicity, employment, English language proficiency, language spoken at home, and number of years in the U.S. Healthcare utilization questions included: access to a healthcare provider, duration of time with that provider, level of trust in the provider, need for translation during healthcare visits, use of herbal or Eastern therapies, beliefs about Western medicine being effective in treating disease, and the extent to which a provider discussed colorectal cancer screening with them.
Survey questions on beliefs and attitudes were guided by the Theory of Planned Behavior, which posits that human action is guided by three considerations: (1) behavioral beliefs about likely consequences of behavior; (2) normative beliefs about normative expectations of others; and (3) control beliefs about the presence of factors that may facilitate or impede occurrence of behavior [24] . Individually, behavioral beliefs produce a favorable or unfavorable attitude toward the behavior, normative beliefs result in perceived social pressure or subjective norms, and control beliefs give rise to perceived behavioral controls. Together, attitudes toward a behavior, subjective norms, and perceptions of behavioral control lead to the formulation of a behavioral intention. The more favorable the attitude and subjective norm, the greater the perceived control, the stronger the person's intention will be to perform the behavior under study, and the best predictor of human behavior is intention [24] . Eleven variables were developed to assess behavioral beliefs, fourteen to assess attitudes toward a behavior, seven to assess control beliefs, six to assess perceived behavioral controls, and four to assess behavioral intentions. Responses were recorded on a 5-point Likert scale: strongly agree, agree, neutral, disagree, strongly disagree. The survey was pilot-tested using cognitive interviewing techniques [25] and revised until it was completed with ease by members of each subgroup.
Baseline surveys, upon which these analyses were based, were administered during the initial phase of the study. All participants were consented and enrolled at AHSC by AHSC staff after which the survey was administered orally in each participant's preferred language.
Data Analysis
Descriptive statistics were used to summarize the data for each Asian subgroup. Using combined data from all three Asian subgroups, exploratory factor analysis with varimax rotation was performed on 42 questions that measure beliefs and attitudes about cancer and cancer screening. Six factors accounted for over 60 % of the total variance; a set of questions that contributed to each factor was retained for further statistical analyses. Cronbach's alpha coefficients were calculated separately for each question set associated with defined factors to assess internal consistency. Chi square, Fisher's exact, and Kruskal-Wallis tests were used to evaluate differences among Asian subgroups. All tests were two-tailed with alpha levels set at 0.05. All analyses were performed using Statistical Analysis System (SAS version 9.2).
Results
654 participants enrolled in the study and completed the survey (Table 1) . 238 were Chinese (75 men, 163 women), 217 were Korean (74 men, 143 women), and 199 were Vietnamese (75 men, 124 women). The mean age was 62.3 years; more than 60 % were women. This study's demographic profile closely reflects the AHSC's client database that consists of 67 % women and a median age range from 55 to 65 years. Chinese participants were significantly older than Korean and Vietnamese participants. Approximately 70 % were married and more than half had at minimum a high school education. Although the need for translation at health care visits varied, two-thirds of all participants self-assessed their English proficiency as fair to average.
Over half of study participants (64 % Chinese, 58 % Korean, and 45 % Vietnamese) had a regular health care provider ( Table 2 ). Chinese and Vietnamese subjects more commonly required translators at their visits compared to Korean subjects (81 % Chinese, 81 % Vietnamese, 66 % Korean; p \ 0.01). Chinese subjects were more likely to consider Eastern medicine to treat health problems compared to other subgroups (52 % Chinese, 25 % Korean, 27 % Vietnamese; p \ 0.01), but were also more likely to believe that Western medicine was effective in treating disease (93 % Chinese, 76 % Korean, 79 % Vietnamese; p \ 0.01).
Between 34 and 58 % of participants reported no memory of discussion about CRC screening with providers (46.6 % Chinese, 58 % Korean, 34 % Vietnamese; p \ 0.0001) ( Table 3 ). Vietnamese participants were significantly less aware of available CRC screening modalities compared to the other two subgroups (61 % Chinese, 63 % Korean, 47 % Vietnamese; p = 0.0017) and fewer Vietnamese subjects believed that screening could prevent CRC (72 % Chinese, 79 % Korean, 57 % Vietnamese; p \ 0.0001). Korean participants were more likely to believe that polyp removal can be associated with prevention of CRC relative to Chinese and Vietnamese participants (44 % Chinese, 52 % Korean, 46 % Vietnamese; p = 0.02). The majority of each ethnic subgroup denied fear of CRC screening tests. A higher proportion of Korean subjects expressed anxiety over cancer (41 % Chinese, 46 % Korean, 33 % Vietnamese; p = 0.0004), had a family member with cancer (27 % Chinese, 49 % Korean, 20 % Vietnamese; p \ 0.0001), or knew an unrelated person with CRC (38 % Chinese, 49 % Korean, 21 % Vietnamese; p \ 0.0001).
Among the 26 statements on health beliefs, statistically significant differences were found for reluctance to discuss cancer with a health care provider, belief that cancer can be prevented by diet and lifestyle, and intention to undergo CRC screening (Table 4) . Korean subjects were less likely to view herbs as a form of cancer prevention compared to other subgroups (34 % Chinese, 21 % Korean, 34 % Vietnamese; p \ 0.001). Vietnamese subjects were more likely to believe that certain foods could prevent cancer (49 % Chinese, 43 % Korean 63 % Vietnamese; p \ 0.0001) and more likely to express fatalistic views on cancer and the belief that death is inevitable with a cancer diagnosis (25 % Chinese, 22 % Korean, 61 % Vietnamese; p \ 0.01). Vietnamese subjects appeared less receptive to screening in the absence of a family history of CRC (95 % Chinese, 95 % Korean, 80 % Vietnamese; p \ 0.0001). Chinese subjects were less likely to report anxiety about discussing the topic of cancer with a health care provider (66 % Chinese, 49 % Korean, 48 % Vietnamese; p = 0.0001).
Compared to Korean men, Korean women were more likely to report concern about discomfort with a health care provider touching them for CRC screening (36 % Korean women, 14 % Korean men; p \ 0.001). No other significant differences existed between genders. About two-thirds of each Asian ethnic subgroup reported seeing a health care provider only when faced with a health problem. Half of all participants relied upon a family member or friend for transportation to a healthcare provider.
Cronbach's alpha coefficients were calculated for each question set representing individual factors to assess internal consistency among each subgroup (Table 5 ).
These ranged from 0.17 to 0.90. Because the factors were identified using all three Asian subgroups combined, some factors may be subgroup-specific (e.g., perceived behavioral control) and may not have consistent Cronbach's alpha coefficients across subgroups. Significant differences among all six factors were seen among the three subgroups with regard to attitudes about cancer screening (Table 6 ) and behavioral intention (Table 7) . Taken together, these results highlight differences in beliefs and attitudes among Asian ethnic subgroups toward CRC and underscore how varied approaches to CRC screening intervention may be required.
Discussion
This study found important differences in knowledge, attitudes, and beliefs regarding CRC and its associated screening tests among Chinese, Korean, and Vietnamese subgroups. As with other studies, language barriers did not solely explain CRC screening behavior among our participants. Having same-language providers has not correlated with increased likelihood of receiving cancer screening recommendations [26] [27] [28] [29] . In our analysis, Chinese and Vietnamese subjects were more likely to identify the need for a translator at health visits, but a higher proportion of Chinese subjects recalled having a discussion about CRC screening with their provider when compared to Vietnamese and Korean subjects. The lower proportion of Korean subjects reporting utilization of translation services may reflect that a majority sought care from a same-language provider. The proportion of Koreans and Vietnamese not perceiving a CRC screening recommendation from their provider, despite differences in the need for a translator, may reflect varying levels of awareness of screening guidelines among providers, assumptions of cultural views that may not prioritize screening or disease prevention, or under-insurance in the setting of a limited referral network [28] . Consistent with current literature, this study's Vietnamese subgroup was significantly less aware of CRC screening modalities, less likely to report that screening was a good method for early cancer detection, and less likely to express intention to undergo CRC screening. McCracken et al. [18] reported that Vietnamese immigrants encounter cultural and economic barriers to preventive health care; cancer screening rates for Vietnamese are lowest among all major Asian subgroups. Factors behind a decreased inclination to undergo screening may include lack of health insurance and lack of a regular health care provider.
This study also demonstrates a complex interplay between conventional Eastern and Western concepts of medicine and illness. While Chinese participants were more likely to report use of herbs or Eastern therapies, this Asian subgroup was also more likely to find Western medicine effective. Though Korean subjects were less likely to report herbal use for cancer prevention, a higher proportion expressed the belief that cancer can be caused by poor qi. Despite disparate beliefs regarding Eastern medicinal practices, many Korean and Chinese participants similarly expressed an intention to undergo cancer screening. Perhaps neither exclusive Eastern nor Western beliefs drive intention to receive screening. Increased willingness to undergo screening may be correlated with overall knowledge of screening tests, knowing friends who received CRC, and discussing screening tests with community members. Unlike other studies where acculturation may have a differential impact, acculturation itself was not likely to be an influential factor here since the mean number of years in the US was more than 17 for all three subgroups [30] . Korean and Chinese subgroups stated that they only sought medical care when symptomatic. However, these same subgroups were also more likely to declare that they would undergo screening if recommended. This finding is important since it contradicts past observations that Asians who sought care only when ill were less likely to obtain CRC screening, underscoring a lack of familiarity with the concept of routine screening and health maintenance. Multiple opportunistic approaches during illness visits may be necessary to initiate the CRC screening process successfully.
A unique aspect of this study is that an instrument applying a well-tested theoretical framework was used [24] . Prior research using the Theory of Planned Behavior has illustrated success in promoting a healthy diet [31] [32] [33] , mammography screening [34] , and exercise [35] . The model has been used to study ethnicity in health behavior [36] and revealed how ethnicity and gender must be considered when developing instruments for attitude assessment. Godin et al. [37] found this model efficient for explaining intention and in determining importance of perceived behavioral control and attitudes. Variations in education, income, English proficiency, and health care access have been proposed as explanations behind differences in receipt of cancer screening among Asian American subgroups [22, 27, 28] . Many studies have only examined disparities associated with demographic characteristics. Not only does our study expand on the emerging literature that highlights heterogeneity among Asian subgroups with regard to CRC screening, but it also reveals more nuanced differences in each subgroup's socio-cultural values, health beliefs, knowledge, and intentions. Strengths of this study include the focus on non-English speaking Asian-Americans, the assessment of knowledge, cultural beliefs, and attitudes toward colorectal cancer and screening tests, partnering with a community-based organization and a linguistically and culturally appropriate staff, and the design and development of surveys administered in participants' native languages. However, the results on differences among these Asian subgroups are based in Oregon and may not represent those of the same ethnic Asian subgroups in other geographic areas. All participants were foreign-born, thus it remains unclear if such differences persist among second-and third-generation Asian-Americans. Finally, data was based on self-reporting and may be subject to recall or social response bias.
In conclusion, our study found important differences among Asian ethnic subgroups which may provide insight into health utilization among Asian Americans, highlight the need for language and culturally specific health interventions, and have implementations for assessment methods. 
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